INTRODUCTION {#sec1}
============

Sepsis is one of the greatest world health problems with the prevalence and death rates increasing every year despite the achievements of intensive care, vaccination, and the abilities of antibacterial therapy, and despite the definition or guidelines being revised or improved ([@ref1]). In Sepsis-3 International Consensus definitions for sepsis and septic shock, sepsis was described as a life-threatening organ dysfunction due to abnormal body response to infection. Score systems for organ dysfunction (qSOFA and SOFA) were introduced making it easier to identify sepsis as a life-threatening disease in adults ([@ref2]).

Being the most vulnerable part of the population, paediatric patients require special attention as sepsis is one of the most common causes of children's death due to infection ([@ref3]). Worldwide escalation of the awareness of sepsis is the key point to early detection and timely antibacterial treatment, which leads to better survival with both good early and late-term outcomes ([@ref4]).

Sepsis survival depends on timely, appropriate, and optimal antibacterial treatment. In the intensive care unit, the term "the golden hour" was applied as the treatment of critically ill children with sepsis and septic shock and was based upon early recognition and early administration of appropriate antibiotics ([@ref5]). It is known that a delay in the first antibiotic administration is associated with increased morbidity and mortality ([@ref6]).

Co-morbidities are another important aspect in surviving sepsis as affected organs are more susceptible to injuries, leading to a worse prognosis. In addition to that, children undergoing chemotherapy or any other immunosuppressive therapy are more prone to opportunistic infections ([@ref7]). There is a growing evidence for global spread of antimicrobial resistance ([@ref8]) and it is known that mortality is strongly associated with the growth of bacteria resistance and various co-morbidities ([@ref9]).

Globally, antimicrobial resistance to Gram-negative microbes is rising faster than resistance to Gram-positive bacteria, and there are no new effective antibiotics against Gram-negative bacteria in the immediate pipeline ([@ref10]).

Depending on the level of development and healthcare system, different countries have different sepsis tendencies, therefore it is important to know not only universal, but also local problems and issues regarding the prevalence of microorganisms, especially of multidrug resistant forms as well as the other factors important to sepsis survival ([@ref1], [@ref11]). This facilitates the optimization of antibacterial and other treatment, which leads to better survival and better late-term outcomes ([@ref12]).

Supposedly, sepsis-related paediatric deaths are underestimated and it is very important to put more effort to ascertain a more accurate impact of sepsis on childhood mortality worldwide ([@ref13]). Mortality in paediatric ICUs is not the same in different countries. It may reach values above 50% and varies across geographical regions: 21% in North America, 29% in Europe, 32% in Australia/New Zealand, 40% in Asia, 11% in South America, and 40% in Africa ([@ref14], [@ref15]).

Our aim was to analyse the outcomes of sepsis in the paediatric ICU of Vilnius University Children's Hospital and their relation with patient's characteristics and causative microorganisms. One-third of critically ill children in Lithuania are treated in the paediatric ICU of Vilnius University Children's Hospital, and all bone-marrow transplantations for children are performed in this hospital.

MATERIALS AND METHODS {#sec2}
=====================

We launched the Sepsis Registration System at Vilnius University Children's Hospital in 2012. A total number of 529 sepsis cases were registered using ICD-10 codes during the period of 2012 to 2015.

This study is a retrospective analysis of information found in patients' records (both paper and electronic). Prior to analysis, patient records/information was anonymised and de-identified.

Our inclusion criteria for the final analysis were:

-   Patient's age above 28 days on admission;

-   Taken blood culture or a positive PCR test;

-   Need for paediatric ICU hospitalization.

In total, 203 cases fulfilled all the inclusion criteria and were retrospectively analysed. The paediatric ICU of our hospital provides care for patients with various pathologies, with the exception of cardio-surgical patients. This needs to be noted when analysing differences and similarities of sepsis tendencies in other hospitals.

All statistical analyses were conducted using SPSS for Windows 10.0. Statistical significance was defined as a *p* value \<0.05.

RESULTS {#sec3}
=======

There were 5,075 admissions and 91 death cases in the period of 2012 to 2015 in the paediatric ICU. Four percent of all the paediatric ICU admissions were due to sepsis and even 32% of deaths that occurred in the paediatric ICU were due to sepsis. About 70% of cases treated in the paediatric ICU were cases of community-acquired sepsis in previously healthy children ([Fig. 1](#fig1){ref-type="fig"}). In comparison, most of the hospital-acquired sepsis cases were a complication of immunosuppressive therapy in oncologic or hematologic patients (24% of all the paediatric ICU sepsis cases), whereas other patients with hospital-acquired sepsis were suffering from such neurologic co-morbidities as cerebral palsy, from congenital abnormalities, or others ([Fig. 2](#fig2){ref-type="fig"}).

The median age for septic patients treated in paediatric ICU was 2.4 years (due to uneven distribution, average value was not measured), most of them being male. The average length of hospitalization was 16.1 days, while 2.25 days were averagely spent in the paediatric ICU. More characteristics of sepsis patients can be seen in the [Table](#T1){ref-type="table"}.

Blood culture samples and PCR tests helped confirming the aetiology of 61%, or 126, of sepsis cases. A total number of 34 different species of microorganisms were identified. A number of blood culture tests contained several microorganisms, especially in the blood culture samples of the hospital-acquired-sepsis group. Due to that the average number of 1.1 and 1.56 microorganisms per one community-acquired sepsis and hospital-acquired sepsis blood culture test were found.
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###### 

Characteristics of sepsis patients

                                                    All patients   Community-acquired sepsis   Hospital-acquired sepsis   Lethal cases
  ------------------------------------------------- -------------- --------------------------- -------------------------- --------------
  Total                                             203            142                         61                         29
  Age, median (years)                               2.4            1.4                         2.2                        3.7
  Sex, M:F                                          1.5:1          1:0.7                       1:1                        1.2:1
  Length of stay in-hospital mean, days             16             13.5                        50.2                       15
  Length of stay in the paediatric ICU mean, days   2.2            1.7                         8.5                        4
  Lethal cases, N                                   29             13                          16                         
  Case fatality, %                                  14             9                           28                         100

The most common sepsis-causing microorganism was *Staphylococcus* spp., as well as *N. meningitidis*, *Streptococcus* spp., and others. Some differences were noticed in different patient groups when it came to causative microorganisms. *Staphylococci* and other *cocci* were responsible for most of the cases of hospital-acquired sepsis ([Fig. 3](#fig3){ref-type="fig"}), whereas *N. meningitidis* was the most common bacteria causing community-acquired sepsis ([Fig. 4](#fig4){ref-type="fig"}). Gram-negative rods were responsible for minority of sepsis cases in both patient groups. Significant resistance to antibacterial drugs was noticed in *Staphylococci* and *N. meningitidis.* Almost 37% of all *Staphylococci* were resistant to Meticillin*,* 18% in community-acquired-sepsis group and 62% in hospital-acquired-sepsis group, respectively; 13% of all of them were resistant to Vancomycin. Only 9% of *N. meningitidis* were susceptible to Penicillin.

About 86% of sepsis cases in the paediatric ICU were treated successfully with good outcomes. A statistically significant difference was found when analysing sepsis outcomes in different patient groups (*p* \< 0.05). Almost 91% of patients with community-acquired sepsis survived, in comparison with 82% of patients with hospital-acquired sepsis ([Fig. 5](#fig5){ref-type="fig"}).

A total number of 29 lethal outcomes of sepsis were registered during this period, most of them (38%) at the age of 1--8 years with median age of 3.75 years (the average value was not measured due to uneven distribution), male being the dominant sex.

More than half of lethal cases were seen in patients with hospital-acquired sepsis, the majority of them suffering from oncologic or hematologic co-morbidities (45%). Other patients were also suffering from different neurological conditions or had various congenital abnormalities. More than 40% of lethal outcomes occurred in previously healthy children with no co-morbidities ([Fig. 6](#fig6){ref-type="fig"}). The average length of hospitalization in lethal cases was 15 days, 4.0 days were averagely spent in the paediatric ICU.
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The most common causative microorganisms in the cases of lethal sepsis were *Staphylococcus* spp. and *N. meningitidis*; 12% of the cases were found to be caused by multiple microorganisms. Most of lethal outcomes in the community-acquired-sepsis group were due to fulminant meningococcemia, whereas the most common causative microorganism of lethal sepsis was *Staphylococcus* spp. in the hospital-acquired-sepsis group.

Significant resistance to antibacterial drugs was observed. A great number of *Staphylococci* were seen to be Meticillin- or even Vancomycin-resistant. Even 40% of all lethal cases caused by *Staphylococcus* spp. were resistant to Meticillin: 0% in the cases of community-acquired sepsis and 50% in the cases of hospital-acquired sepsis, respectively.
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DISCUSSION {#sec5}
==========

Sepsis was diagnosed in 4% of all the patients in the paediatric ICU and was responsible for 32% of deaths. Paediatric mortality reached 14% of all the sepsis cases in our analysis. The outcomes of paediatric sepsis are seen to be of great variability, ranging from 3% to 29% ([@ref16]).

The majority of lethal outcomes were due to hospital-acquired sepsis that occurred in patients suffering from oncologic or hematologic diseases, similarly to the data from Weiss et al., where the highest mortality (37.7--48.2%) was seen in patients with solid organ/stem cell transplants, malignancies, renal diseases, and hematologic/immunologic conditions ([@ref17]). Another significant part of the patients that did not survive were previously healthy with no co-morbidities, mostly due to fulminant meningococcemia, where mortality reached 13%. The age of the patients with lethal outcomes is also seen to be younger in most studies ([@ref18]).

In our study, the most common microorganism causing hospital-acquired sepsis was *Staphylococcus* spp., whereas *N. meningitidis* was most common in community-acquired sepsis. At this time, Gram-positive infections are more frequent than Gram-negative sepsis in most prospective studies ([@ref19]). The meningococcal disease remains a devastating cause of epidemic meningitis and sepsis worldwide, especially among children and young adults ([@ref20]). Our findings were similar to the data from Ruth et al., where Staphylococcus species were the most commonly coded causative organisms for paediatric sepsis ([@ref21]).

Significant multi-drug resistance was observed, especially in hospital-acquired sepsis cases. Most of the *N. meningitides* were non-susceptible or resistant to the Penicillin group antibiotics, whereas most of *Staphylococci* were seen to be Meticillinor even Vancomycin-resistant.

The most frequent sepsis-causing pathogens *Escherichia coli* and *Staphylococcus aureus* are characterized by the development of increasing antibiotic resistance for which initial empirical antibiotic therapy might fail ([@ref22]). Our analysis has some limitations, for instance, paediatric patients from the cardio-surgical paediatric ICU ward were not included in our analysis which makes our data incomplete.

CONCLUSIONS {#sec6}
===========

Sepsis accounted for about 4% of all the patients of the paediatric ICU in the period of 2012 to 2015 and caused 32% of deaths. Paediatric mortality reached 14% of all sepsis cases in our analysis, the majority due to hospital-acquired sepsis that occurred in patients suffering from oncologic or hematologic diseases. Another significant part of the patients that did not survive were previously healthy with no co-morbidities. The most common microorganism in lethal community-acquired cases was *Neisseria meningitidis* and in hospital-acquired sepsis *Staphylococcus* spp. Significant drug resistance was observed, especially in the cases hospital-acquired sepsis.
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